INTRODUCTION
Since the 1980s the European economy has undergone a progressive process of economic integration, involving both real and financial markets. This process has not been monotonous, with the main stages marked by the introduction of the European Exchange Rate Mechanism (ERM) in March 1979, the ratification of the Maastricht Treaty in November 1993, and the start of the Economic and Monetary Union (EMU) in January 1999. Many studies have approached the integration process from different perspectives, focusing on business cycle synchronization, inflation convergence and persistence, and financial markets integration. Though the available empirical evidence is not fully clear-cut, the finding of a stronger co-movement in real and financial variables across euro area countries over the 1990s is fairly robust. Yet, so far EMU does not seem to have contributed decisively to further increasing euro area economic and financial integration, relatively to pre-EMU levels. For instance, as regards real convergence and the existence of a euro area business cycle, the evidence suggests that business cycle synchronization across euro area countries is still weak Camacho et al., 2005) , concerns subsets of countries rather than the whole area (AguiarContraria and Soares, 2009; Mink et al., 2007; Giannone et al., 2009) 1 , and with stronger regional than international coordination (Montoya and de Haan, 2007) . International trade emerges as one of the key sources of euro area business cycle synchronization (Bower and Guillemineau, 2006) , with a positive effect also on nominal convergence (Honohan and Lane, 2003) . Convergence in inflation trends seems to have occurred within the euro area, though persistent inflation differentials remain, due to cyclical dynamics (Cavallero 2010; Angeloni and Ehrmann, 2004) . Evidence of recent divergence in inflation rates has been provided by Busetti et al. (2007) .
Moreover, financial market integration, while benefiting at least in the aftermath of the EMU from the elimination of currency risk (Fratzscher, 2002) , leading to a decrease in stock market volatility for the most volatile markets of the euro zone, i.e. Italy and Spain, relative to the least volatile ones, i.e. France and Germany (Morana and Beltratti, 2002) , as well as to a reduction in the equity home bias for portfolios owned by European institutional investors (Adam et al., 2002) , would be still in progress. For instance, market participation of households across euro zone countries is indeed still heterogeneous (Guiso et al., 2003) . Actually, the degree of stock market integration could even have decreased in the last few years relative to the 1990s, as stock markets co-movements appear to be stronger for subsets of countries rather than for the whole area (Morana, 2010) .
Since economic and financial integration between the euro area and the US is strong (Giannone et al., 2009; Morana, 2010) , it is likely that the ongoing crisis, which heavily hit also the US economy, may have had an impact on the process of convergence in the euro area. This is consistent with the fact that apparently symmetric shocks may have had different effects across countries, according to the country-specific degree of shock persistence. The convergence process should however imply both a progressive reduction in the cross-country dispersion about the mean/median euro-area value of various macroeconomic indicators, as well as a more symmetric cross-sectional distribution. To provide a first look at the evidence, Figure 4 .1 depicts the recent behaviour (2007) (2008) (2009) ) of the distribution of several macroeconomic variables across 14 euro-area countries, showing that the crisis has so far had quite a deep impact on euro-area economic activity and some effects on its cross-sectional dispersion as well. In 2009 median GDP growth became negative (-3.6%), with a cross-sectional distribution featuring negative skewness and increased dispersion with respect to the previous two years. Some changes in the cross-sectional distributions of the output gap, the inflation rate and the unemployment rate can also be detected. All variables show pronounced skewness, and changes also in the dispersion around median values (-5.2%, 0.2% and 8.2% in 2009 for the output gap, the inflation rate and the unemployment rate, respectively).
In the light of the above evidence, the paper investigates the linkages between the US and the euro-area economies over the 1980-2009 period, aiming at assessing whether spillovers of macroeconomic and financial shocks from the US may have affected the convergence process of nominal and real variables in the euro area. 
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Note: The box plots in this and the following figures show, for each distribution, the mean value (represented by a dot), the median value (a straight line), the interquartile range (IQR, containing 50% of the observations, represented by a box), and the values that are outside the first and third quartiles but within the first (third) quartile minus (plus) 1.5 times the IQR (represented by vertical lines ending with a staple). While there is a vast literature on the economic and financial convergence in the euro area, we are unaware of other papers which have so far dealt with the likely consequences of the US crisis on the euro area convergence process. The paper tries to innovate in terms of the depth and wideness of the analysis and econometric methodology, providing an accurate investigation of the euro area-US macro/finance interface. In addition to 14 euro-area member countries and the US, 35 additional economies, covering advanced and major emerging countries, have been considered, in order to set the analysis in a proper open economy framework. The econometric model counts about 300 equations, considering key macroeconomic and financial variables, and is set in the factor vector autoregressive (F-VAR) framework.
The contribution of US crises to the euro-area convergence process has then been assessed by measuring the dynamic responses of key euro-area country macroeconomic variables to real and financial shocks originating in the US. The features of the cross sectional distribution of such dynamic responses over different horizons is subsequently assessed in order to gauge the likely short-and medium-term consequences of the ongoing crisis.
The findings of the paper indeed point to a likely contribution of US real and financial factors to real divergence in the euro area. In fact, a slowdown in US economic activity may not only lead to a contraction in the first moment of the cross-sectional distribution of GDP growth in the euro area, but also to an increase in second and third moments. US financial factors may also contribute to the increase in dispersion and skewness of the euro area GDP growth distribution, but are less likely to affect its first moment. Differently, neither real nor financial US factors are likely to have affected the process of nominal convergence in the euro area during the current crisis, given the near independence of the euro area inflation rate distribution from the US real and financial cyclical dynamics. Not surprisingly, both real and financial US factors are found to be important for euro area financial convergence, consistent with the strong economic and financial integration of the two areas and the leading role of the US economy: destabilizing US financial conditions may then have contributed to destabilizing financial markets in the euro area. In particular, US excess liquidity and real estate and stock prices, seem to have contributed to euro area stock market fluctuations. Moreover, the downturn in US GDP growth would have contributed to the contraction in euro area stock prices, as well as to the increase in volatility and downside risk for both house and stock prices.
The rest of the paper is organized as follows. The next section introduces the econometric methodology, while in section 3 the data and their properties are presented. Then, section 4 discusses the specification and estimation of the F-VAR model and shows the main results. Finally, conclusions are drawn in section 5. 
ECONOMETRIC METHODOLOGY
The econometric model is composed of two sets of equations. The first one refers to the US economy (with variables collected in vector X t ), while the second to the other m-1 non-US countries (collected in vector Y t ). The joint dynamics of q macroeconomic variables for each of the m countries of interest (in vector ) are modeled by means of the following F-VAR model:
In ( 
is a n×1 vector of deterministic components, including an intercept term, and linear or non-linear trend components. F t is a r×1 vector of observed or unobserved common factors, generated by the autoregressive process in (1), where Φ(L) is a r×r finite order matrix lag polynomial, and η t is a vector of i.i.d shocks driving the F t factors. G t is a s×1 vector of non-US factors, generated by the autoregressive process in (2), where Ψ(L) is a s×s finite order matrix lag polynomial, and ζ t is a vector of i.i.d. shocks driving the G t factors. The effects of both sets of factors on the US and non-US variables in Z t is captured by the loading coefficients col-
(of dimension n×r and n×s, respectively). Finally, D(L) is a n×n finite order matrix lag polynomial, partitioned as
, and D(L) have all roots outside the unit circle. Moreover, for all i, j, t and s.
The specification of the model has important implications for crosscountry linkages: firstly, US idiosyncratic shocks ( ) do not only affect the US (through ), but also the other countries (through ). Differently, non-US idiosyncratic disturbances ( ) do not affect US variables, while only own-country linkages are relevant for the other countries ( is block diagonal). The specification selected is then consistent with the view that the US play a leading role in the transmission of macroeconomic shocks, interpreting US macroeconomic dynamics in terms of global dynamics (see for instance Morana, 2010 and Morana, 2009 ). This however does not prevent interlinkages between the US and the other countries, which are parsimoniously described by means of the non-US factors G t .
By substituting (1) and (2) into (3), the dynamic factor model can be written in standard vector autoregressive form as 
and , , and . The inversion of the F-VAR form to obtain the reduced vector moving average (VMA) form for the process, as well as the identification of the structural shocks, is discussed in Bagliano and Morana (2010) .
In our analysis, the impact of a change in the variables of interest on the Y t block is investigated by exploiting the reduced form VAR structure of the model:
and computing the dynamic multipliers, i.e. ,
The latter is equivalent to the impulse response analysis carried out from the reduced form VMA representation, and is appropriate when the focus is on the impact of a change in a given forcing variable, say US GDP, independently of its underlying economic cause (i.e. a given structural shock), on the Y t block. The F-VAR model is estimated by means of a consistent and efficient iterative procedure, featuring the Granger and Jeon (2004) robust approach, yielding median estimates for all the parameters of interest, obtained through simulation with 1000 replications (see Bagliano and Morana, 2010 for details).
THE DATA
We use seasonally adjusted quarterly macroeconomic time series data, over the period 1980:1 through 2009:1, for 14 euro area member states (Austria, Belgium, Finland, France, Germany, Greece, Ireland, Italy, Luxembourg, the Netherlands, Portugal, Slovakia, Slovenia and Spain), the US, and 16 additional advanced economies (Australia, Canada, the Czech Republic, Denmark, Hong Kong, Iceland, Israel, Japan, New Zealand, Norway, Singapore, South Korea, Sweden, Switzerland, Taiwan, United Kingdom), 5 additional advanced emerging economies (Brazil, Hungary, Mexico, Poland, South Africa), and 14 secondary emerging economies (Argentina, Chile, China, Colombia, India, Indonesia, Malaysia, Morocco, Pakistan, Peru, Philippines, Russia, Thailand, Turkey), i.e. a total of 50 countries. 2 The data set for euro area member countries consists of real GDP, the CPI all-items index, real bank loans to the private sector relative to GDP, the real short-term interest rate (either a 3-month interbank rate or a 3-month Treasury Bills rate, depending on availability), and real house and stock prices. Due to lack of data availability, housing prices have not been considered for Austria, Belgium, Greece, Luxembourg, Portugal, Slovakia, and Slovenia. A similar dataset has also been employed for the remaining non-US countries (house prices are only available for few additional OECD countries, i.e. Australia, Canada, Japan, New Zealand, Denmark, Norway, Sweden, Switzerland, and the UK). All these variables are included in the Y t vector.
Differently, the dataset for the US is larger and composed of real GDP, civilian employment, real private consumption, real private investment, fiscal deficit to GDP, current account deficit to GDP, CPI all-items index, threemonth Treasury Bills real rate, 10-year Federal government securities real rate, real house prices, the real effective exchange rate, real share prices (S&P500). A few financial variables have also been included, in order to monitor the impact of the financial crisis. In particular, the economic/financial fragility index and the excess liquidity index proposed in Bagliano and Morana (2010) . 3 All the above variables enter in the vector X t . In order to keep the USeuro area spillover analysis manageable, and consistent with previous work on the Great Recession, only a sub-set of US macroeconomic and financial factors has been selected for the computation of dynamic multipliers, namely GDP growth, excess liquidity, house and stock prices and an economic/financial fragility indicator. 4 Finally, also the crude oil price and primary commodities price shocks (excluding energy), computed following Hamilton (1996) , have been considered and included in the vector F t . In order to account for feedback effects from the world economy to the US economy, a single common non-US GDP growth factor, accounting for about 20% of total variance, has been extracted from the GDP growth series of the 37 countries for which data are available since 1980: 1. 5 This factor is included as the only element in the G t vector.
As the econometric model is set in a stationary representation, data have been transformed accordingly 6 ; in particular, on the basis of the KPSS test (Kwiatkowski et al., 1992; Becker et al., 2006) . Weak stationarity, in deviation or not from a non-linear deterministic trend component, modelled by means of the Gallant (1984) , was assumed for the levels of the long-term and short-term real interest rates, the US current account to GDP ratio, the US public deficit to GDP ratio, and for the growth rates of all the remaining series. These deterministic terms are included in vector μ t . 
US ECONOMIC AND FINANCIAL SHOCKS AND EURO AREA CONVERGENCE DYNAMICS
The ordering of the variables in the econometric model is country-by-country and standard, from relatively 'slow' to relatively 'fast' moving variables. Then, the X t vector for the US is ordered as follows: employment growth, real GDP growth, the Federal Deficit/GDP ratio, real private consumption growth, real private investment growth, the current account/GDP ratio, the CPI inflation rate, the excess liquidity index, the real three-month Treasury bills rate, the real ten-year Government Bonds rate, real house price returns, real effective exchange rate returns, real stock price returns, the financial fragility index. Similarly, the ordering for the Y t vector, concerning the non-US countries, is: real GDP growth, CPI inflation, real excess credit growth, the real short-term rate, real house price returns (when available), and real stock price returns. The dynamic specification of the econometric model has been selected by means of the BIC information criterion, pointing to an optimal first order F-VAR system. Assuming an own-variable diagonal structure for the corresponding elements of the D(L) matrix for the non-US countries diagonal ( ), the euro area block then counts 77 equations, each containing 13 parameters, of which 1 for the lagged own variable, 5 are for the lagged US series, 3 for the lagged F t and G t series, and 4 for the deterministic component (including a constant, a linear trend and two non-linear components, as described in the data section); similarly, for the remaining elements in the vector Y t . Differently, the 14 equations corresponding to the US block X t contain 21 parameters each, of which 14 are for the lagged US series, 3 for the lagged F t and G t series, and 4 are for the deterministic component. The full system therefore counts 278 equations.
The impact of the US economic and financial shocks on euro area convergence dynamics is assessed by means of the properties of the cross-sectional distributions of the dynamic multipliers, measuring the response of euro area variables to a unitary change in the US variables included in (7) at two forecasting horizons, namely 2-quarter (short-term) and 12-quarter (mediumterm) . This is consistent with the fact that a different degree of shock persistence in each country may lead a symmetric shock to have different effects across countries. The results reported in Table 4 .1 and Figures 4A.1-4A .5 refer to the case of a unitary increase in the US variables. The effects of a unitary contraction in these variables, which is the case of interest for some of them (output growth, for instance), can be read from the table and plots by reversing the sign of the dynamic multipliers and associated statistics.
The effects of US financial shocks
In a boom-bust credit cycle interpretation of the recent crisis (see e.g. Bagliano and Morana, 2010), asset prices misalignments in the US housing and stock markets would have initially been fuelled by the availability of excess liquidity and low interest rates. 8 The ballooning US trade deficit likely also contributed to the latter dynamics, as huge capital inflows were redirected from the Treasury and stock markets to the housing market. Then, expected but not materialized housing price appreciation have lead the predatory lending mechanism to break down and a generalized decline in asset prices and tight credit conditions, as financial institutions were forced into deleveraging and recapitalization. 9 Due to the strong integration of US and euro area (EA) financial markets (Giannone et al., 2009; Morana, 2010) , and the leading role of the US economy, the US financial cycle has affected financial markets in the EA economy as well. In particular, the spillover of the US financial crisis to the EA and the rest of the world is likely to have taken place through housing prices (see Bagliano and Morana, 2010; Beltratti and Morana, 2010) , as well as through excess liquidity and stock market dynamics.
Results concerning the impact of US financial shocks over our investigated sample on the EA convergence process are collected in Table 4 .1 (columns 2 through 5) and Figures 4A.2 through 4A.5, presenting descriptive statistics and corresponding box plots of the cross sections of dynamic responses of selected EA variables (GDP growth, inflation rate, real excess credit growth (the rate of change of real loans to GDP), real house price returns and real stock returns to various US disturbances over the 2-and 12-quarter time horizons. Several results are remarkable. First, concerning the effects of the US financial shocks on real convergence, from Table 4 .1 it can be noted that neither US excess liquidity, nor US housing or stock prices, or US economic/financial fragility, have a sizable impact on the median of the EA output growth distribution, neither in the short-nor the medium-term. Yet, in two cases, i.e. US housing prices and economic/financial fragility, the mean impact is sizable, and stronger in the short-(-0.2%, -0.34%) than in the medium-term (-0.15% and -0.26%). Moreover, US financial factors do have an impact on the second and third moments of the EA output growth distribution, with a sizable increase in both dispersion (0.29% through 1.1% in the short-term, apart from stock prices) and skewness (-2 through -2.8 in the medium-term).
Second, concerning the effects of US financial factors on nominal convergence, it can be noted that, apart from the medium-term impact of US excess liquidity and economic/financial fragility dynamics on the dispersion of the EA inflation rate cross-sectional distribution (0.11% and 0.15%, respectively), no sizable effects on first, second and third order moments of the inflation rate distribution can be noted.
Finally, concerning the impact of US financial factors on financial convergence within the EA, much richer interactions, of similar size in the shortand medium-term, can be noted. For instance, mean credit growth is sizably affected by US excess liquidity (-0.95%), housing prices (1.19%) and economic/financial conditions (2%); the median impact on the other hand is somewhat smaller (-0.2%, 0.09% and 0.84%, respectively); the impact on EA credit growth dispersion is also sizable (2.9% through 3.3%), as well as its impact on skewness (-2.4 through to 2.6). Similar findings hold for EA house price returns, as US excess liquidity, house prices and economic/financial fragility conditions fairly largely affect both the mean (-0.41%, 0.49%, -0.21%, respectively), median (-0.69%, 0.19%, -0.41%) and dispersion (0.97%, 0.65% and 0.99%) of the EA housing price distribution, while the impact on skewness is more attenuated. Differently, US financial factors, stock returns included, are important for both the first and second moments of the distribution of EA stock returns, while their impact on skewness is more modest; for instance, the mean (median) impacts are 13. 9%, 26.7%, 0.46%, and -7.65% (6.95%, 21 .6%, 0.69%, and 0.42%) for US excess liquidity, house prices, stock prices and economic/financial fragility conditions; the impact on dispersion is also large (20.1%, 18.4%, 2.14%, 19.3%).
Overall, US financial factors appear to be important determinants of euro area financial conditions, coherent with the strong integration of financial markets between the two countries: destabilizing US financial conditions may have then contributed to destabilizing euro area financial markets. In particular, US excess liquidity, house and stock prices, may have contributed to keep momentum in the euro-area stock markets during the boom phase of the credit cycle, yet contributing to a market crash during deleveraging. Similarly, US house prices would have contributed to the cyclical phase in euro area house prices. The interactions across financial markets are complex, involving not only first moments, but also second and third moments.
The effects of US GDP shocks
There are different mechanisms that can explain how the US crisis originated in the financial sector then became an economic crisis, as both tight credit conditions and falling asset prices (wealth and Tobin's Q effects) may have constrained aggregate demand.
10 A present value model, relating future developments in dividends and rents to output dynamics, can also account for second round effects, linking the slowdown in real activity to asset price deflation. According to the results reported in Levchenko et al. (2010) and Bems et al. (2010) , external demand can be singled out as one of the key mechanisms through which the slowdown in US economic activity has been transmitted to the world economy.
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Results concerning the implications of US economic disturbances (captured in our framework by GDP shocks) for the convergence process in the euro area are collected in Table 4 .1 (first column) and Figure 4A .1. As for the effects of US recessions on the real convergence within the EA, it can be noted that a contraction in US GDP may lead to mean and median negative responses of EA GDP growth. The impact is in both cases inelastic, with a stronger point impact in the short-term (-0.34% and -0.13%) than in the medium-term (-0.26% and -0.11%); dispersion is also larger in the very-short term (0.55%) than in the medium-term (0.42), while skewness is sizable, but similar at both horizons (about -2). Hence, the evidence does point to a role of the slowdown in US economic activity in the explanation of current real divergence in the EA. Yet, apart from Greece (result not reported), cyclical responses still appear to be synchronised 12 . The divergence effect also appears to be slightly attenuated in the medium-term, due to a smaller dispersion. Moreover, concerning the effects of US recessions on EA nominal convergence, the evidence does not support any direct linkage between the state of the US business cycle and inflation dynamics in the EA. In fact, neither first, nor second or third moments of the cross-sectional inflation distribution do seem to have been influenced.
Finally, concerning the effects of the contraction in US GDP on EA financial convergence, while for housing prices only the dispersion of the crosssectional distribution seems to have been affected in both the short-and medium-term (0.88% and 1.69%, respectively), more sizable effects can be detected for credit growth and stock returns. In both cases a contraction in US GDP is associated with negative mean and median responses, stronger in the medium-term (-0.34% for credit; -19.3% for stock returns) than in the shortterm. The impact on dispersion and skewness is also notable for both stock returns (20%, -1.07) and credit growth (3.94%, -2.74). Hence, euro area financial convergence may have been affected by the slowdown in US GDP growth, particularly in the credit and the stock markets.
CONCLUSIONS
The aim of the paper is to assess whether the US economic and financial crises may have had some effect on the process of real and nominal convergence in the euro area. The current paper addresses this issue by investigating the linkages between the US and the euro are countries for a large set of real and financial variables over the 1980-2009 period. In addition to 14 euro area member countries and the US, 35 additional countries, covering advanced and major emerging countries, have been included in the econometric model, set in the factor vector autoregressive (F-VAR) framework.
The findings of the paper indeed point to a likely contribution of US real and financial factors to real divergence in the euro area. In fact, a slowdown in US economic activity may not only lead to a contraction in the first moment of euro area GDP cross sectional distribution, but also to an increase in second and third moments. US financial factors may also contribute to the increase in dispersion and skewness of the euro area output growth distribution, but are less likely to affect the first moment of the distribution. Differently, neither real nor financial US factors are likely to have affected the process of nominal convergence in the euro area during the current crisis, given the near independence of the euro rate inflation distribution from the US real and financial cyclical dynamics.
Both real and financial US factors are found to be important for euro area financial convergence, coherent with the strong economic and financial integration for the two areas and the leading role of the US economy: destabilising US financial conditions may then have contributed to destabilise euro area financial markets. In particular, US excess liquidity, house and stock prices, would have contributed to euro area stock market fluctuations, while US house prices would have contributed to euro area house prices cyclical dynamics. Moreover, the downturn in US GDP growth would have contributed to the contraction in euro area stock prices, as well as to the increase in volatility and downside risk for both house and stock prices.
Overall, the interactions between US and EA real and financial markets appear to be complex, involving not only first moments, but also second and third ones. Figure 4A . 5 Responses of euro area macro variables to a US financial fragility index 1% increase at 2-and 12-quarter horizons 
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